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Abstract Real-time ultrasonography
has been used for diagnosis and
screening of developmental dyspla-
sia of the hip for several years. If di-
agnostic criteria are well established,
the use of sonography in follow-up
of treated infants remains extremely
variable. The aims of this study were
(a) to describe the normal sono-
graphic anatomy of the infant ab-
ducted hip on an anterior axial view,
and (b) to define the role of this ap-
proach in the follow-up of develop-
mental dysplasia treated by Pavlik
harness. Thirty-eight patients with
Pavlik harness had anterior axial
sonograms in addition to their usual
clinical and sonographic follow-up.
Normal anatomy was inferred from
the examination of 25 clinically
proven normal hips in the same pop-
ulation. The best criterion of a nor-
mal positioning of the femoral head
appears to be the alignment of the
pubic bone and the femoral meta-
physis. Pavlik harness was the only
treatment in 32 patients. It was di-
rectly efficient in 22, after readjust-
ment in 10 patients. Reduction was
shown by anterior sonography in all
of them. In 6 children, sonography
showed no reduction and subsequent
treatment by closed or open reduc-
tion was carried out. Anterior axial
sonogram can show reduction of a
dislocated hip in children with 
Pavlik harness, but it does not evalu-
ate its stability. It helps optimize the
settings of the harness, and may 
predict a poor outcome, but it does
not identify the cause of non-reduc-
ibility.
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Introduction
Since the 1980s real-time ultrasonography has been
widely used either to detect or to confirm the diagnosis
of developmental dysplasia of the hip (DDH) [1, 2].
It allows multiplanar examination [3, 4], makes possi-
ble the determination of femoral head position with re-
spect to the acetabulum, and helps assess acetabular de-
velopment.
Among the many possible means of treatment of
DDH, Pavlik harness (PH) is one of the most widely pre-
scribed [5]; however, its sonographic monitoring remains
difficult, the lateral approach of the hip being uneasy due
to the position of the child.
The purpose of our study was (a) to show the normal
anatomy of the abducted hip on anterior axial sonogra-
phy, and (b) to define the role of the anterior axial so-
nography in the follow-up of patients undergoing treat-
ment of DDH by PH.
Patients and methods
Our study group consisted of 38 newborns (28 girls) with 51 clini-
cally abnormal hips: limited abduction (n=10); and positive 
Barlow and/or Ortolani maneuvers (n=41). Initial sonography
yielded the following results: dislocated hip (n=27, 25 reductible);
subluxated hip (n=12); dislocatable hip (n=11); and lax with stress
(n=2). One hip had been considered clinically normal and was
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judged “lax with stress” on ultrasound (25 hips were clinically
normal, 24 on ultrasound).
In all but 4 of those children, treatment started within the first
2 months of life. In 4 children, it started by the age of 4–5 months.
All clinical and sonographic examinations were performed
jointly by a pediatric orthopedic surgeon and a pediatric radiolo-
gist as recommended in [6] at the outpatient department.
Thirty-two children were treated with PH only; six were treat-
ed with PH, then with either spica casting, traction, and/or open
reduction.
While they were treated by PH, all 38 children had anterior 
axial sonography in addition to their usual clinical/sonographic
follow-up. Joint examination was also performed. Usual ultra-
sound follow-up was performed via a lateral approach, the child
wearing his/her PH in the usual position combining flexion, ab-
duction, and internal rotation, and a laterally opened diaper.
A 5- to 10-MHz linear-array transducer was used. Sonograms
were performed either on an Acuson Sequoia 512 (Acuson, 
Seattle, Wash.), or on an ATL 5000 (ATL Philips, Eindhoven, The
Netherlands). Anterior scanning was more straightforward than
coronal scanning in the above-described position.
The transducer was obliquely and axially oriented, lateral to
the pubic symphysis, permitting the assessment of femoral head
morphology and determining its position with respect to the ace-
tabulum (Fig. 1).
Sonographic findings were compared with the clinical follow-
up and the physical examination done by the pediatric orthopedist.
Normal anatomy was inferred from the examination of the 25
clinically proven normal hips.
The examination rate was determined on an individual basis;
thus, patients underwent a variable number of studies. Sonograph-
ic findings were compared with the yield of physical examination
and the outcome. Follow-up period ranged from 6 months to
3 years.
Results
Normal anterior axial scan
Two reference lines are visible: the pubic bone and the
femoral metaphysis. The pubic bone appears as a hyper-
echoic line with posterior acoustic shadowing, prolonged
laterally by the acetabulum. The acetabulum appears hy-
perechoic in its deeper bony portion, and hypoechoic in
its superficial cartilaginous part (Fig. 2).
It has a crescent shape with its concavity coming in
contact with the cartilaginous femoral head of typical
dotted pattern. Femoral head does not appear spherical.
It appears oval shaped with its great axis oriented per-
pendicularly to the muscular and cutaneous planes.
Femoral head is in continuation with a hyperechoic
line corresponding to the bony femoral metaphysis
which generates a posterior acoustic shadow.
The criterion of a normal positioning of the femoral
head is when the pubic symphysis echo is horizontally
aligned with that of the femoral metaphysis, thus allow-
ing visualization of the femoral head in the concavity of
the acetabulum (Fig. 3).
Dislocated hips
Anterior axial sonogram was always able to detect im-
proper relationship of the femoral head and acetabulum
while the infant in the harness. The best criterion was a
lack of alignment of the femoral metaphysis and the pu-
bic bone (Fig. 4). The femoral metaphysis echo was
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Fig. 1 a Positioning of the transducer on a child wearing a Pavlik
harness. b Axial anterior sonogram scanning planes in a child
wearing Pavlik Harness
Fig. 2 Drawing of a normal axial sonogram. 1 Alignment of pubic
bone with femoral metaphysis. 2 Femoral metaphysis. 3 Femoral
head. 4 Bony acetabulum. 5 Pubic bone. 6 Cartilaginous acetabulum
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obliquely oriented. The femoral head was posteriorly
displaced, and more distant from the transducer. For this
reason, it was usually less visible than on a normal hip
and its diameter could not be reliably measured. In chil-
dren with incomplete abduction of the hip, anterior scan-
ning was more difficult and usually had to be completed
by a coronal approach.
Satisfactory reduction was obtained in 22 patients in
whom the anterior axial US scan had shown good align-
ment of femoral metaphysis echo with that of the pubic
bone. Successful treatment with stable reduction of hips
was confirmed by close supervision with coronal sono-
grams associated with stress maneuvers outside the har-
ness, or with radiographs depending on the infant’s age
throughout the course of treatment.
In 10 infants, the first follow-up axial scan showed
that femoral head remained dislocated despite the har-
ness. The PH was readjusted, and reduction was obtained
and confirmed by further examinations. Outcome was
considered satisfactory in all 32 children.
In 3 infants with bilateral DDH, anterior axial sonog-
raphy showed unilateral reduction and persistent contra-
lateral dislocation despite 2–3 weeks of PH treatment.
All 3 infants underwent closed reduction under general
anesthesia and spica casting. In these children, bedside
anterior axial sonography showed the proper positioning
of the femoral head after casting.
The harness treatment failed in 3 other infants with
bilateral DDH. One infant had traction and one had spi-
ca casting. Sonography demonstrated the absence of re-
duction in those children who were both surgically treat-
ed. The third one was commonly struck down with epi-
leptic fits; hence, there was no attempt of closed reduc-
tion of his anterior dislocation, and surgery was per-
formed.
Discussion
Developmental dysplasia of the hip is a deformity of the
acetabulum of different degrees, making that the femoral
head may be normally located, partially or completely
displaced. This definition includes hips that may be sub-
luxable, dislocatable, subluxed, or dislocated [7, 8].
In utero mechanical and functional factors as well as
postnatal factors were incriminated in the pathogenesis
Fig. 3 Anterior axial ultrasound: successful treatment of a left hip
dislocation by Pavlik harness
Fig. 4 a Anterior axial ultrasound: dislocated hip. b Persistent
dislocation despite Pavlik harness. Lack of alignment of pubic
bone and femoral metaphysis. Note the posterior displacement of
the femoral head
of this entity. Although the rate of spontaneous reduction
is high, early diagnosis and proper management increase
the chances of a satisfactory end result and of a low inci-
dence of complications. Ultrasound has proven its effica-
cy in increasing the accuracy of clinical examinations by
determining the position of the femoral head with respect
to the acetabulum [3, 4, 9, 10, 11], and in controlling the
treatment of abnormal hips.
The earlier the diagnosis, the less the prevalence of
surgical management of dislocated hips which became
rare with neonatal clinical screening and US [1, 2, 3, 7,
9]. Several devices can be used to ensure reduction of
the abnormal hip: swaddling clothes or diapers; Becker’s
cushion; Pavlik harness; spica casting; or traction [5, 7].
Indication for each of those treatments is beyond the
scope of this article.
Pavlik harness is often used because it allows pro-
gressive reduction of the dislocated hip [5]. It is a dy-
namic splint that uses straps to the shoulders, chest,
legs, and feet in order to obtain progressively a good
flexion (90–120°), and abduction (30–45°) of hips.
Tightening the posterior straps helps put the hips in in-
ternal rotation.
Pavlik harness failure rate is variable and seems to
depend on the type of DDH. In a recent study [12], the
failure rate of PH was shown to increase with bilaterali-
ty, irreducibility, and a low initial ultrasound percent
coverage.
Pavlik harness is more effectively utilized when mon-
itored with sonography [1, 2, 3, 4, 11, 12, 13, 14, 15, 16].
Even if some situations, such as the above-mentioned
ones, or a late diagnosis, seem to increase the risk of fail-
ure [12], it is not possible to predict the outcome of an
individual treated by Pavlik harness. Ultrasound is likely
to decrease the duration of treatment, the number of nec-
essary radiographs, and is able to ensure a quick detec-
tion of persistent dislocations [15]
However, the usual coronal approach is not very con-
venient in children wearing the harness. We carried out
this study to find criteria of reduction through an anterior
sonographic approach which is easy to perform in chil-
dren wearing PH. This approach does not apply any
strain to the hip and was extremely well tolerated.
Anterior axial scanning showed the proper location of
the femoral head by the alignment of femoral metaphysis
and pubic bone echoes in 32 patients. Confirmation of a
satisfactory outcome was obtained with subsequent
sonograms through the lateral coronal approach with 
dynamic maneuvers, and with radiographs in the late
course of treatment and after treatment completion.
Among those 32 children, optimization of the harness
settings had been made possible by US in 10 cases.
Sensitivity of ultrasound could not be evaluated by
this study since it was part of a joint examination, and
any abnormal imaging finding was immediately referred
to the surgeon’s opinion.
Anterior scanning can be used in children with spica
casting if the anterior aspect of both hips remains ex-
posed. One drawback of this study was the absence of a
joint color Doppler study in order to try to detect femoral
head ischemia [17].
Moreover, this approach does not study the femoral
head motion with strain. Measurements of alpha angle
(bony roof angle) and estimation of femoral head cover-
age cannot be obtained [1, 2, 12]. It does not permit 
either the assessment of the bony acetabular slope, the
configuration of the labrum, or the stable or unstable as-
pect of the reduction [15, 16]. For all these reasons, axial
scan should not be used as the only follow-up method.
Coronal approach remains interesting especially to test
stability by the end of PH treatment. In case of non-re-
duction, anterior axial sonograms showed no change, but
it did not provide information on its cause. Looking for
the cause of non-reduction could be an indication to per-
form either arthrography, CT, or MRI.
Low-dose CT was shown to be effective in patients
treated either with a rigid cast or with open surgical re-
duction [18, 19], especially in patients older than
6 months in whom ossification of the femoral cartilagi-
nous head had occurred.
Arthrography, with or without scanographic study, re-
mains the best method to assess non-reducibility, but it
requires anesthesia, it delivers ionizing radiation, and it
carries a risk of sepsis.
Magnetic resonance imaging can show the cartilagi-
nous structures, may be used in children treated with 
rigid cast, and can help understand some causes of fail-
ure. The MRI may also evaluate some complications of
PH treatment such as femoral head necrosis [17]. The
need for sedation, the limited availability, as well as the
static character of the study are hindering a wider devel-
opment of MRI in that indication.
Conclusion
Preliminary experience indicates the usefulness of axial
US scans in monitoring infants and children with Pavlik
harness. Axial scan demonstrated its efficacy to assess
reduction, but it does not allow stress maneuver and the
diagnosis of stability. Showing the cause of non-reduc-
ibility remains the field of arthrography, CT, or MRI.
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